A 50-year-old man presented to our hospital in 1995. Invasive thymoma was diagnosed and extended thymectomy and left upper lobe partial resection were performed. In 2013, he complained of dyspnea. Chest computed tomography showed postoperative recurrence of invasive thymoma. Several chemotherapies were administered. Severe anemia and an increase in the total bilirubin level were observed with chemotherapies. In additional, an examination showed that the direct Coombs test was positive. Cold agglutinin was also high. We herein experienced a rare case of postoperative recurrence of invasive thymoma with cold agglutinin disease and autoimmune hemolytic anemia.
Introduction
Thymoma is the most common tumor of the anterior mediastinum. At least 40% of patients with thymoma have parathymic syndrome (1) . Although the mechanism of thymoma complicated with autoimmune hemolytic anemia remains unclear, these two conditions are often reported together. The frequency of concomitant autoimmune hemolytic anemia with thymoma is unclear, however, a previous study has reported 17 such cases (2) .
In addition, there is no reported case of thymoma with cold agglutinin disease and autoimmune hemolytic anemia. Nevertheless, we experienced such a case. We herein describe the clinical course of our case and the management of the disease.
Case Report
A 50-year-old man presented to our hospital in 1995 and was diagnosed with invasive thymoma. Extended thymectomy and left upper lobe partial resection were performed. In 2003, computed tomography (CT) showed a tumor on the left cardiophrenic angle and the second thoracic vertebra. A tumor excision was performed. The pathological findings revealed an invasive thymoma (WHO classification type B3). Thereafter, the patient had unscheduled, periodic follow-up examinations at his own discretion.
In 2013, he complained of dyspnea and visited our hospital. Chest CT showed a left pleural tumor and left main bronchus occlusion. An accumulation of 18F-fluorodeoxyglucose was observed at the same locations by positron emission CT ( Fig. 1 ). On admission, he did not have splenomegaly or libedo. The reason behind Raynaud's phenomenon was not clear as cyanosis of distal portion of the extremities was not observed by exposure to extremely cold conditions. His hemoglobin (Hb) level was 15.5 g/dL. His white blood cell (6,700 cells/μL) and platelet (20.4×10 4 cells/μL) counts were normal. His total bilirubin (T-bil) level was 2.3 mg/dL, and his cold agglutinin level was 1:16,384. The patient was initially suspected to have constitutional jaundice or cold agglutinin disease. Hemagglutination was confirmed at the time of blood testing, and cold agglutinin was also elevated (1:16,384). According to these findings, we diagnosed him with cold agglutinin disease. The patient was asymptomatic for anemia, therefore, a Coombs test was not performed. However, he was later diagnosed with postoperative recurrence of invasive thymoma. He received four cycles of cisplatin and etoposide combination chemotherapy as the first-line treatment. Severe anemia and an increase in the T-bil level were subsequently observed. These changes were associated with chemotherapy. Although the first-line chemotherapy was effective, the tumor had increased in size in 10 months after treatment. As the second-line treatment, paclitaxel monotherapy was administered. A progression of anemia and a rapid increase in the T-bil level were observed. He was subsequently diagnosed with drug-induced autoimmune hemolytic anemia. When the direct Coombs test was initially performed, the red blood cells were positive for both antibodies and complement proteins bound to their surfaces. This finding supported the diagnosis of cold agglutinin disease. As the third-line treatment, gemcitabine monotherapy was administered. An increase in the T-bil level was again observed (Fig. 2 ). As the fourth-line treatment, pemetrexed monotherapy was administered. Because a severe decrease in Hb was observed after three cycles, he received a blood transfusion and was admitted into our hospital ( Fig. 3 ). An examination on this admission showed reticulocytosis, a decrease in haptoglobin, and an increase in urinary urobilinogen. The Coombs test was performed once again and was positive for both antibodies and complement proteins bound to the surface of red blood cells. Cold agglutinin was also high at 1: 8, 192 (Table) . To screen for anemia, upper and lower endoscopic examinations were performed. There were no gastrointestinal findings. A bone marrow biopsy was performed to exclude myeloid diseases and confirm the degree of myelosuppression by anticancer drugs. The bone marrow biopsy showed increased erythroblasts, no dysplasia, and no malignant cells (Fig. 4) .
These findings were consistent with hemolytic anemia, achieving the diagnostic criteria of autoimmune hemolytic anemia set by the study group of the Japanese Ministry of Health, Labour and Welfare. The patient was therefore diagnosed with cold agglutinin disease and autoimmune hemo-lytic anemia with invasive thymoma. After admission, treatment with pemetrexed was immediately withdrawn, and the patient's anemia improved. At present, he is being followed up as an outpatient.
Discussion
In the present case, the cold agglutinin level in the patient was high at the start of first-line chemotherapy for invasive thymoma, and thus, he appeared to have cold agglutinin disease since the initial complaint of dyspnea when presenting at our hospital in 2013. Therefore, our patient was diagnosed with both postoperative recurrence of invasive thymoma and cold agglutinin disease. He received chemotherapy as a treatment for thymoma. Severe anemia and an increase in the T-bil level were observed. These changes were associated with chemotherapy, and he was additionally diagnosed with autoimmune hemolytic anemia. Both cold agglutinin disease and autoimmune hemolytic anemia are classified as primary or secondary diseases. Malignant lymphoma, mycoplasma infection, and Epstein-Barr virus were suggested as the primary diseases of secondary cold agglutinin disease (3) . The coexistence of malignant lymphoma was excluded by a bone marrow biopsy, a biopsy of the tumor in the left main bronchus, and positron emission CT. However, it was difficult to determine whether cold agglutinin was a secondary disease. The patient's severe anemia worsened during several rounds of chemotherapy. Although he had cold agglutinin disease, his hematopoietic capacity made his hemoglobin level normal. The administration of anticancer drug therapy, however, resulted in myelosuppression, and his severe anemia subsequently worsened. In addition, following chemotherapy, the patient underwent a high number of episodes of anemia with increases in the bilirubin levels. Thus, the existence of secondary autoimmune hemolytic anemia was considered.Systemic erythematosus, lymphoproliferative disorder, acquired immunodeficiency syndrome, hypogammaglobulinemia, thymoma, pure red cell aplasia, and druginduced illness were considered as primary disease candidates for autoimmune hemolytic anemia (3). In 2004, approximately 100 drug types were listed as causative agents of autoimmune hemolytic anemia (with a positive direct Coombs test) (4). The causative agents have changed over time. In the past, methyldopa and penicillin were reported. According to 126 reports between 1978 and 2004, cefotetan (62%), ceftriaxone (10%), β-lactamase inhibitors (8%), and others (14%) were reported (5) . Regarding treatments related to anticancer drugs, cisplatin and carboplatin were reported (6, 7) . In the present case, cisplatin was only used as a first-line treatment. Following second-, third-, and fourth-line chemotherapy, there were episodes of anemia with hemolytic anemia. This evidence is suggestive of the existence of drug-induced secondary autoimmune hemolytic anemia. As mentioned above, the final diagnosis of our case was acute drug-induced autoimmune hemolytic anemia and chronic idiopathic cold agglutinin disease.
Regarding acute drug-induced autoimmune hemolytic anemia, although cisplatin was initially suspected to have triggered this condition, other anticancer drugs also led to hemolysis. However, the degree of anemia and the T-bil level differed, in addition to the extent of illness elicited by the drugs. There was also a possibility that autoimmune hemolytic anemia existed since the initial presentation of dyspnea in 2013. However, its distinction from thymomarelated autoimmune hemolytic anemia was therefore difficult. The patient's anemia and T-bil levels improved following the withdrawal of anticancer drug administration. Stage 2 progression was classified according to the degree of clinical stratification. Regarding chronic idiopathic cold agglutinin disease, chronic passage was followed since first-line chemotherapy with high cold agglutinin. The causes were unclear as anemia was not initially observed. In addition, because the antibodies and complement proteins that are bound to the surface of red blood cells in the direct Coombs test were both positive, our case was classified as a mixedtype autoimmune hemolytic anemia with cold agglutinin disease and autoimmune hemolytic anemia. The frequency of such an occurrence ranges from 4.5-8.3% (8, 9) . Regarding the therapeutic approach, autoimmune hemolytic anemia can be cured with steroids. However, steroid therapy has a low impact on cold agglutinin disease. This difference in therapeutic effect is believed to be due to the difference in the proportion of self-participating antibodies (3) .
Regarding the treatment strategy in the present case, although steroid treatment was not performed, severe anemia and the T-bil levels improved after the withdrawal of anticancer drug administration. When invasive thymoma re-lapses, we intend to start the patient on chemotherapy. Although high-dose steroid administration in chemotherapy may make the patient more vulnerable to infections, it is important to perform blood transfusion for serious anemia in such cases while the patient is still on chemotherapy.
In conclusion, we experienced a rare case of postoperative recurrence of invasive thymoma with cold agglutinin disease and autoimmune hemolytic anemia.
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